A new analytical procedure based on the derivatization of amphetamine with Sanger's reagent (2,4-dinitrofluorobenzene) and a subsequent circular dichroism spectroscopic analysis are proposed for the determination of amphetamine enantiomers. The main advantage of the approach is the fact that the new synthetized derivative can be detected in the visible wavelength region with significantly better sensitivity than the original amphetamine. This allows a reliable determination of the optical isomers of the amphetamine without the need of separation from some of the most frequently occurring additives such as caffeine and lactose in the case of illicit drugs, or auxiliary materials in the case of legal amphetamine containing preparations.
Introduction
The majority of abused amphetamine preparations contains amphetamines produced clandestinely. The various production methods result in products with different qualities depending on the type of synthesis as well as on the chemicals used. The identification of by-products of the synthesis and the determination of the enantiomeric composition of the active substance as well as that of the impurities being present in the preparations, are important aims of the forensic or pharmacological analysis. Amphetamine profiling by the analysis of by-products and impurities were studied by several authors [1] [2] [3] [4] . The enantiomeric analysis of amphetamine is also useful for both comparative purposes and the evaluation of the production method. The latter one is based on the analysis of the final product, either the pure enantiomer [5] or racemic mixture [6] , depending on the synthetic route used for the production. Noggle and co-workers [7] studied the determination of enantiomeric composition of amphetamine prepared from norephedrine and norpseudoephedrine applying production of diastereomeric derivatives with 2,3,4,6-tetra-0-acetyl-β-D-glucopyranosyl isothiocyanate (GITC) and subsequent HPLC separation on non-chiral phases. The derivatization of amphetamine was applied in order to improve the level of detection in HPLC analysis [8] [9] [10] [11] . In the visible wavelength region more selective detection can be achieved than in the UV-range. The Sanger's reagent (2,4-dinitrofluorobenzene[DNFB]) has been applied as a chromophore reactant in the analysis of primary and secondary amines forming a stable condensation product of high UV absorptivity [12] [13] [14] [15] [16] [17] .
In enantiomeric analysis, circular dichroism (CD) spectroscopy is a useful tool, even without the need of separation of the non-chiral matrix components [18, 19] .
The amphetamine itself has rather weak CD-activity and even that occurs only in the less selective UV-region.
The aim of this study was to develop a derivatization procedure useful for the CD spectroscopic detection of amphetamine enantiomers in samples of forensic interests as well as in other areas of pharmacology. The optimum conditions of derivatization of amphetamine with Sanger′s reagent was determined by designed and serial experiments. The applicability of the derivatization is demonstrated by analysis of samples modelling preparations encountered in various areas of pharmacology as well as in assumed procedures probably followed in laboratories supplying the black market.
The majority of illicit preparations contains racemic amphetamine, consequently, both isomers will appear in the biological fluids unchanged, while among the break-down products formed by the metabolism of most pharmaceutical drugs the appearance of pure amphetamine enantiomers can be expected. We have prepared sample modells containing: various amounts of (+)amphetamine sulphate or racemic amphetamine sulphate which were thoroughly homogenised with caffeine and lactose resulting in powders with 8% final concentration for caffeine and various concentrations for amphetamine,within the range of 5 -30%.
Novel derivatization with

Equipment
CD and UV spectroscopic analysis
Ellipticities and UV absorbencies were measured on a Jasco-720 CD/ORD/UV/VIS spectropolarimeter using cuvettes with optical lengths of 10 cm and 1 cm, respectively.
Ellipticities were recorded in the ranges of 240 -275 nm and 320 -480 nm under thermostated circumstances. The temperature of the measuring cell was set to 25.0 ± 0.2 °C. UV and CD spectra were recorded in "Wavelength" mode and the discrete values of ellipticity and the absorbency in "Time" mode. The measurements in "Time" mode were carried out employing the following parameters: time for data registration, 5 min; resolution, 0.2 s; accumulation, 1x; band width, 1.0 nm; response, 4 s; sensitivity, 50 mdeg. The wavelength mode parameters were as follows: sensitivity, 20 mdeg; resolution, 0.2 s; accumulation, 3x; band width, 1.0 nm; response, 2 s; scan speed, 50 nm/min.
For the CD and UV spectroscopic analysis pure compounds dissolved in water or DNFB-derivatives being present in the reaction mixture were used as given below.
GC/MS analysis
For GC/MS analysis a Hewlett-Packard 5890 Series II gas chromatograph connected to a 5989A MS Engine mass spectrometer was used.
The gas chromatographic conditions were as follows: carrier gas, helium; column, HP- 
HPLC analysis
The HPLC separation was carried out on a Shimadzu 10A chromatograph system with two LC-10AS pumps, a SIL-10A autosampler and an SPD-M10 diodearray UV-detector. The chromatographic control and data handling was effected by CLASS-LC10 V 1.6 (Shimadzu) software. For the evaluation MS Excel 5.0 and Statistica 4.5 software packages were used.
The HPLC separation was done in reversed phase mode by using a mixture of acetonitrile-tetrahydrofuran-0.1% triethylamine in water (15:15:70 v/v) at a flow rate of 1.5 mL/min and a column (25 cm × 4 mm I.D.) packed with chemically bonded octadecil silica (BST Rutin 10 C18, BST, Hungary). The chromatogram was monitored by UV detection at wavelength of 360 nm. From the sample solutions volumes of 10 µL were injected.
Derivatization
Reagent 1 mL solutions of DNFB in MeCN (7 × 10 -2 mol/L) were diluted, right before use to 10 mL with 2.5% aqueous solution of borax or mixture of TEA-MeCN (5:1000 v/v).
Stock solutions of amphetamine were prepared in the concentration range of 5 × 10 -6 -6 × 10 -4 mol/L by dissolving the sulphate salt in water or methanol.
Study of the effect of the temperature and reaction time
In order to study the effect of the temperature on the velocity of derivatization 0.6 mL of 10 -5 mol/L aqueous stock solutions of amphetamine were mixed with equal volumes of reagent solutions in 3 mL screw cap tubes and reacted at temperatures of 65 °C, 45°C and 25 °C for 60 minutes.
The reaction time needed for total conversion of amphetamine were determined by mixing of 0.6 mL 10 -5 mol/L aqueous stock solutions of amphetamine with equal volumes of reagent solution and then reacted in 3 mL screw cap tubes for various times in the range of 1-60 minute.
After derivatization reaction mixtures were cooled down to ambient temperature and diluted to 5.00 mL with acetonitrile or mixture of acetonitrile-37% HCl (99:1 v/v). The conversion was traced my GC/MS analysis of the reaction mixtures.
Blank solutions containing no amphetamine were also prepared by similar manners as described above.
Study of the effects of solvent, type of base, molar excess of reagent being present in the reaction mixtures, and acidification after derivatization
In order to determine the appropriate conditions of the derivatization procedure, the designed experiments were carried out applying two-level, eight-experiment designs according to the Plackett-Burman method [20, 21] . On the one hand, the set values of parameters were chosen as suggested in the literature [12, 14, 16] , and on the other hand, the conditions needed for the reliable HPLC analysis of reaction mixtures, such as miscibility of the reaction mixture with the mobile phase, usage of the same components in the reaction mixture as those being present in the mobile phase, etc., were also taken into consideration. Four parameters (solvent used for the preparation of amphetamine stock solutions, addition of hydrochloric acid after derivatization, molar ratio of the reagent to amphetamine, base applied in the reaction mixture) were selected to be examined. According to a previous study [16] , the derivatization with Sanger's reagent is recommended in alkaline aqueous solutions followed by acidification of the reaction mixture with hydrochloric acid. The parameters and their set values are described in table I. The reaction mixtures were analysed by HPLC. The effects of factors were calculated by using the peak areas of the derivative. The experiments were evaluated graphically, by half-normal plotting of effects of factors, as applied previously [22] .
Determination of amphetamine in designed samples by CD and UV spectroscopy after derivatization (experimental aspects)
From the designed samples of amphetamine preparations containing (+)-amphetamine or racemic amphetamine at different concentration levels with lactose and 8% caffeine, 5 mg amounts were weighted, and dissolved in 50 mL of water. From the aqueous sample solutions 0.6 mL aliquots were mixed with 0.6 ml of TEA-containing reagent and thermostated to 65 °C for 40 min. The ellipticities were measured at 425 nm, the absorbencies were measured at 360 nm. Calibrations were done by analysing known amounts of (+)amphetamine and racemic amphetamine by the procedure described above. The (+)amphetamine content of samples was determined by both CD and UV spectroscopy, the racemic composition was determined by UV spectroscopy. Derivatized mixtures with known DNFB-amphetamine contents were diluted and analysed, where the amount resulted in signal to noise ratio equal to 3 was regarded the limit of detection.
Results
Derivatization
The Sanger's reagent reacts with the amphetamine by forming the DNFB derivative and hydrogen fluoride, as shown in figure 1. In our experiments no detectable amounts of side-products were observed.
The velocities of the derivatization reaction at 25 °C and 45 °C were found to be rather slow because even after a reaction time of 60 minutes unreacted amphetamine could be identified by the GC/MS analysis of the reaction mixture. The derivatization at 65 °C temperature for 40 min and longer resulted in total conversion. A typical total ion chromatogram obtained by the analysis of a reaction mixture prepared at 65°C for 40 min, is shown in figure 2 . Amphetamine could not be detected in the reaction mixture that would appear at a retention time of 4.05 min. The first peak in the total ion chromatogram refers to the excess of the DNFB, and the second peak belongs to the DNFBamphetamine derivative formed.
In figure 3 , the mass spectrum of derivative is shown where the molecular ion is also present at m/e of 301.
According to the results of designed experiments it could be stated that the derivatization with aqueous solutions of amphetamine sulphate resulted in significantly better conversion than with the methanolic solutions did. This results might be a consequence of the better solubility of the salt in water than in methanol. The conversion was notably higher in the presence of TEA than borax. No difference could be found between the rates of derivatization performed at various molar ratios of the reagent to the amphetamine, e.g. the two-fold excess of reagent resulted in the same conversion as did the four-fold. Although several authors suggested to acidify the reaction mixture, according to our results the addition of hydrochloric acid to the reaction mixture after derivatization did not affect the measurable amount of product. The application of hydrochloric acid is not advantageous because it might damage the equipment being in contact with it.
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Original articles Table I . Optimized parameters and conditions in designed experiments. 
Parameter High level Low level
Solvent of amphetamine
CD and UV spectroscopic analysis
The CD spectrum of the (+)amphetamine in water recorded in the wavelength range of 240 -275 nm, is shown in figure 4 . The compound as well as its optical isomer has rather low molar ellipticity ([Θ]; deg cm 2 decimole -1 ). This is not advantageous for quantitative determination because of the low sensitivity. Above 275 nm the molar ellipticity of (+)amphetamine is so small that the compound is hardly detectable.
In figure 5 , the CD spectrum of the (+)amphetamine-DNFB derivative is shown in the wavelength range of 321 -480 nm. The molar ellipticity of the derivative is significantly higher than that of the amphetamine. At 425 nm maximum the molar ellipticity is nearly 9000. The derivative has ellipticity high enough in the low wavelength range (240 -275 nm) but in this range the determination is less selective than in the visible region.
Determination of amphetamine in designed samples by CD and UV spectroscopy after derivatization (result aspect)
The dependence of both the ellipticity at 425 nm and UV absorbency at 360 nm on the concentration of amphetamine-DNFB derivative was found to be linear in the concentration range of 5 × 10 -6 -6 × 10 -4 mol/l. The calculated parameters for calibrations according to CD and UV spectroscopic analysis are listed in table II. The limit of detection was 5.5 µg for CD spectroscopic and 3 µg for UV spectroscopic analysis.
The quantitative results obtained for the analysis of amphetamine preparations are summarised in table III. A good agreement can be observed between the amphetamine concentrations set by spiking of mixtures of caffeine and lactose and the results obtained for the spiked samples after derivatization by CD and UV spectroscopic methods. For samples spiked with (+)amphetamine, quantitative results obtained by CD and UV spectroscopy are in good agreement with each other. The lactose did not disturb either the UV or CD spectroscopic determination of amphetamine because it does not have UV-absorbing chromophore and CD signal in the visible region applied during the measurements, even though it is an optically active compound. The caffeine is optically inactive and does not have UV absorbency at 360 nm where the quantification was effected. The standard deviation for CD and UV spectroscopic determination did not exceed 0.44%.
Conclusion
The advantages of the derivatization of amphetamine with DNFB with respect to the CD spectroscopic analysis are as follows: the derivatization causes a significant (~150 nm) batochromic shift, giving rise to a Cotton effect at 410 -430 nm, and increases the molar ellipticity and the concomitant analytical sensitivity by two orders of magnitude; the parent compound (amphetamine) can be determined at 10 -3 mol/L concentration, whereas derivatization allows the analysis at as low concentration as 10 -6 mol/L. The proposed procedure is applicable for the analysis of preparations containing the amphetamine as pure enantiomer or one enantiomer of amphetamine in excess. The determination of amphetamine enantiomers in some cases might have practical significance in the analysis of biological fluids in order to interpret the origin of amphetamine being present in the organism, as well as in the study of general pharmaceutical products of intended or unintended amphetamine content, such as anorexigenic (e.g. chlorphentermine) or MAO-B blocking agents (e.g. selegiline) as well as illicit preparations. 
